Abstract: Background: We conducted research on the newly developed personalized recommendation service (PRS) of the global network of Korean scientists and engineers (KOSEN) in order to explore the information usage behavior and importance of the PRS used by Korean scientists and engineers. Methods: In order to understand information usage behavior, we gathered data from 513 survey results and analyzed them in terms of information usage behavior and the corresponding importance in each of the service quality areas. Results: We analyzed the 321 outcomes that indicated non-use of the PRS in order to understand the underlying reason(s); we employed 192 results that demonstrated the use of functionality to examine information usage behavior and importance. They found that the predominant motive for non-use of the service resulted from the respondents not knowing how to use it. According to demographic characteristics, the usage behavior of the PRS showed a difference regarding the purpose of using the service in the categories of gender and major field of study. Furthermore, users were concerned with various components of the PRS such as ease of use, design, relevance of content, user support, and interactivity. Conclusions: We suggest reinforcing user education degree and promotion to enhance the PRS. Since users were concerned with ease of use, design, relevance, user support, and interactivity, we recommend these as major points for improvement.
Introduction

Background and Purpose of the Research
As information is produced, reproduced, and expanded exponentially, users are able to obtain it through a variety of routes, but their exposure to an excessive amount of material poses a challenge to acquiring the knowledge they desire, and they waste a lot of time accessing content that does not meet their needs. Korean online service providers of academic, scientific information offer limited functions that categorize research results in various forms and aggregate them from different fields of study, but only in terms of the date published. This technological hindrance demands time and effort from users when acquiring the facts they want, since they have to use approaches (such as filtering) to extract the appropriate information from the vast amount of data available. This problem also causes past research that a user in a specific field might find relevant to be buried under more recent knowledge. The authors of this study researched a personalized recommendation service (PRS), which overcomes the abovementioned obstacles and provides users with sufficient information. Since March of 2017, the Global Network of Korean Scientists and Engineers (KOSEN, www.kosen21.org), an academic science information platform that is the focus of this study, has operated a PRS based on big data; it automatically provides users with appropriate service menus and content based on their individual characteristics. The authors investigated the information usage behavior of people who use KOSEN's PRS and analyzed the outcomes based on quality of service, thereby proposing a method to improve the system. This study allows the system to be enhanced in a way that boosts the quality of service and reduces the time users need to acquire pertinent knowledge. Furthermore, it helps to prolong the lifecycle of valuable information by identifying older data that could apply to users in their respective fields, but which do not appear at the top of the search results. Section 2 examines the theoretical background of the PRS and the existing literature. Section 3 introduces the research on and analysis of user information behavior, while Section 4 deduces the implications and points of improvement, based on the outcomes of Section 3. The conclusion, Section 5, reviews the significance of this study and suggests directions for future research.
Objective of the Research
This study analyzes the current state of use, as well as the usage trends, of Korean scientists and engineers who access the PRS, the goal being to understand their information usage behavior and satisfaction rate. In terms of usage trends, the authors examined the effects of users' demographic traits (age, gender, education level, major, and occupation) on such trends in addition to awareness, satisfaction rate, expectations, and the correlations among these components.
RQ1-Do the usage behaviors of PRS users show variance according to their demographic characteristics?
RQ2-Does the satisfaction rate for the service's three areas of quality (system, content, and service support) show variance according to users' demographic features?
RQ3-What are some priorities and key concerns of users regarding the service, and is there a significant correlation among the three areas of quality pertaining to them?
Theoretical Framework
Existing Literature
The research on the PRS in the field of library and information science is scarce, both in Korea and abroad. This may be due to a lack of research on the PRS (for academic information) in this field of study. Existing pieces of literature relevant to the present study include those pertaining to science and technology researchers' information usage behavior, the PRS, and users' satisfaction rate with it.
Information Behavior of Scientists and Engineers
The research on the information behavior of scientists and engineers can be classified broadly into that of scientists and engineers, undergraduate students, and graduate students. Brown (1999) [1] used a survey to analyze the information search behavior of astronomers, chemists, mathematicians, and physicists at Oklahoma University. The results revealed that scientists and engineers rely heavily on academic journals to support their investigations and creative activities. An interesting observation was that despite the demand for more information services, most of the researchers preferred to approach them via published-rather than electronic-media. Majid et al. (2000) [2] asserted that the information knowledge and seeking behavior of scientists and engineers plays an important role in efficiently satisfying information requests, and suggested that libraries could use this knowledge to re-arrange their collections and facilities according to the requests of the scientific community. Furthermore, their findings illustrate that scientists and engineers prefer major information sources, especially journals and review articles.
To develop and assess a medical information system that reflects the information seeking behavior of doctors, Kim (2016) [3] carried out in-depth interviews with doctors on their information usage behavior in order to develop a knowledgeable source that could adequately fulfill their information requests; the results were reflected in a search system called MediSearching. The interview outcomes showed a difference in information usage behavior according to type of hospital or area of specialization. Whereas doctors at university hospitals had a large amount of information requests for research and used academic journals as their predominant means of obtaining data, doctors at private and special hospitals mostly received requests in terms of medical treatment, and satisfied their needs by having conversations with their fellow physicians.
In his research on the information usage behavior of science and engineering students at the undergraduate and graduate levels, Fidzani (1998) [4] studied the information seeking behavior and usage of information resources by graduate students at the University of Botswana. His overall objective was to identify requests and understand students' degree of awareness regarding library services. He collected the experiential date on the graduate students' information requests, and observed that a guideline for utilizing library resources and services was necessary in order to meet some of the requests.
Hemminger (2007) [5] , in his research on information seeking behavior of academic scientists, found that the information seeking behavior of academic scientists is transformed by the availability of electronic resources for searching and retrieving scholarly materials. Significant changes in information seeking behavior were found, including increased reliance on web-based resources, fewer visits to the library, and communication of information that was almost entirely electronic. The evidence for this change was observed by analyzing the library records and the records from other information service organizations. Simple descriptive statistics were reported to these organizations. Additionally, the analysis of results is broken out into basic science and medical science departments. Lee (2016) [6] studied the entire processes of an information service with the actual users as the subjects in order to acquire the basic data to develop a service based on the users' traits and requests, the goal being to revitalize university library information services. The outcomes indicated that critical components of an effective service include the user's information and an analysis of the themes, successful consultation, communication techniques, and the information provider's awareness and ability.
The PRS and Relevant Studies
Yoo (2017) [7] defined a recommendation system as a service that utilizes a user's information or the content to select and present content that may be relevant to him/her, thereby reducing the user's effort in looking for pertinent data from the vast amount of material available. The R&D of the PRS began in the late 1990s, starting with the filtering technique, which was used for news and webpages. Recommendation techniques have become increasingly refined and sophisticated since the 2016 competition hosted by the American company Netflix. Research on increasing the relevance of recommendations and the efficacy of services is ongoing.
Research on recommendation techniques has a relatively long history. The most prominent methods include demographic recommendations, content-based filtering, collaborative filtering, and hybrid filtering (which combines two approaches that complement the other's limitations) (Jung and Lee, 2005) [8] . Content recommendation systems primarily use content-based recommendation algorithms, as well as collaborative filtering algorithms. Since recommendation techniques that employ collaborative filtering showed significantly superior outcomes in terms of accuracy compared to those with content-based filtering in the Netflix competition, the most recent studies have focused on the former.
Firstly, demographic recommendation is the most basic approach that predicts whether a user will be associated with content based on demographic traits (such as age and location) input by the user.
Secondly, content-based filtering calculates content's relevance to the user based on its similarity to content in which the user has previously expressed interest. This method recommends content with a high degree of similarity to the user, and can be employed when the profiles of both user and content are known. One study-which proposed a technique that harnesses the user's content usage behavior, as well as the content's location information for the PRS (for content distribution networks such as the Internet and Internet Protocol television, or IPTV)-used collaborative and content-based filtering techniques (Kim, 2006) [9] .
Thirdly, collaborative filtering [10, 11] identifies users with similar preferences and recommends information that one user has to another user that does not have it. This is the most predominant filtering method used today. This technique generates results using big-data technology by analyzing various and abundant log data (such as real-time content reviews by users, content score, purchased content, number of uses, time spent on content, number of views, and user pathway to the content). It has been actively examined in various fields including broadcasting, social networking services (SNS), and the Internet of Things (IoT).
Lastly, hybrid filtering combines multiple recommendations in order to overcome the limitations of content-based and collaborative filtering. One of the most successful examples is the item-to-item collaborative filtering recently put into place by Amazon. This technique predicts the score a user may give to an item based on the information about items a user has previously purchased. It calculates the similarity between items using the correlation coefficient and cosine similarity in order to find ones similar to those the user has shown preference for, or those predicted to receive a high score [12] [13] [14] [15] [16] .
Personalization is a broad concept used to signify providing data that corresponds to information requested by the user. Personalization can be classified as passive and active. The former offers the user relevant information or products based on his/her profile during the process of the information search that he/she has designated. It is primarily explored in information searches on word ambiguity and similar topics. Regarding the latter type, the service provider offers the user pertinent information based on his/her profile, which reflects his/her preferences as new data becomes available, before the user makes a request. It can be categorized as a PRS and is mainly studied in data mining (Kim, 2002) [17] [18] [19] [20] [21] [22] [23] .
In his investigation of computer science, Kim, B.M. et al. (2004) [24] stated that information filtering can be classified into content-based and collaborate filtering techniques, and that the former uses information from content, whereas the latter employs the opinions of other users. He focused on the organic integration of both approaches in order to overcome the constraints of collaborative filtering, and proposed a method that uses its framework and enforces it with an improved usage of user profiles. Koh et al. (2017) [25] designed a smart mirror that uses IoT for a user personalization service. The smart mirror harnesses information on the Internet to provide users with real-time traffic data, news, schedules, and weather updates. It can also offer recommendation services by employing a user's usage history [26, 27] .
In the field of library and information science, Kim (2006) [9, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] investigated a hybrid recommendation system for multimedia content based on frequency of use, and proposed a system that provides users with personalized multimedia content (as an active information service in libraries and information centers). He analyzed the pros and cons of conventional recommendation techniques. To solve their shortcomings, he put forward a hybrid recommendation system that employs the user's frequency of use of content in a high-volume content environment. Park (2016) [39] suggested book curation as an information service that a school library webpage could offer, and derived the criteria for the curation, which are needed to design the system. In order to derive 12 criteria for recommendations, he examined a list of suggested books in a pre-existing system, and analyzed properties in the user information, as well as book information that could be used for the recommendation service. A survey that looked at users' preferences for each of the criteria showed that most students believed that libraries need book curation services [40] [41] [42] [43] [44] [45] [46] [47] .
Satisfaction Rate of Information Service Users
Investigations pertaining to user satisfaction comprise an active field in terms of academic research, which is dealt with in various fields of study. The following is a survey of relevant studies to this paper's theme and pertains to user satisfaction in the field of the library information provision or academic information service.
Martensen and Gronholdt (2003) [28] described the development and application of a model that enables librarians to quantitatively measure quality, satisfaction rate, and user loyalty, and examined the degree to which collection, service, and environment affect the aforementioned elements.
Khan and Shafique (2011) [29] examined the role and importance of departmental libraries in satisfying students' information requests. They assessed the satisfaction rate of users of departmental library services; the outcomes showed that most of the surveyees were satisfied with virtually all of the services provided by the departmental libraries. Furthermore, most of the surveyees requested more computers, digital collections, magazines, and newspapers from departmental libraries.
Seeholzer and Salem (2011) [30] examined expectations and satisfaction rates at Kent State University's library website by focusing on both groups and individuals. The participants interacted with the library's resources and services using a mobile website to a degree that surpassed expectations. The results revealed that the participants were employing the mobile website to use the research-related database, library catalogues, and reference system; they were also interested in contacting the library using text messages.
An analysis of the relevant research on the information behavior of scientists and engineers, the PRS, and user satisfaction with information services indicates a need to periodically investigate users' information requests, as well as to evaluate the collection and service usability of the science technology information service. This study examines the information usage behavior of users of KOSEN's PRS in order, and proposes improvements to the system based on the findings.
Overview of KOSEN and PRS
Overview of KOSEN
KOSEN, an academic science information platform that is the subject of this study, was created as part of the Internationalization Foundation Construction Project by the Ministry of Science and Technology in order to connect Korean scientists and engineers dispersed throughout the globe in cyberspace. Korean scientists and engineers abroad can obtain news from science and engineering circles in Korea through KOSEN, and can contribute to their development by providing advanced information from overseas. Moreover, scientists and engineers in Korea can acquire such data promptly and establish a network that enables multi-dimensional exchanges, such as meeting prospective partners for international joint research. Individual scientists and engineers can use the information they find in KOSEN to enhance their own competence, the accumulation of which contributes to the capacity of Korea's national science and engineering society. With these goals in mind, KOSEN launched its website in July 1999. As of December 2017, it has 130,000 active members. Since March of 2017, KOSEN has operated a PRS in-house based on big data that automatically provides users with relevant service menus and content based on their individual characteristics.
PRS of KOSEN
Since March of 2017, KOSEN has developed and operated a PRS based on big data that automatically provides users with relevant service menus and content based on their individual characteristics.
KOSEN's PRS developed personalization services based on log data using about 140,000 members as well as information for approximately 70,000 members' services and individual profiles.
We constructed the data by using web log information, which contains activity information and the accumulated user information in ORACLE DB, and records all the details of the activity of members or non-members via the service page accessed on PC or mobile.
In addition, the users of the system are classified into members and non-members. Members are classified into normal, dormant, and new member categories. Users were clustered based on general member profile information and activity log. For new members who do not have activity logs or members who do not use long-term services, the system recommends services by analyzing the service utilization of other members in the same cluster. When recommending a service to a member who has a history of using the service, the service that is most commonly used by that member is recommended first. In addition, we intend to increase the overall utilization of services by recommending services that managers want to present to new members, human members, and users with history.
Content recommended for users in each service is considered together with user profile information and activity history. We present the recent contents related to the services that the user has employed, and recommend those contents to the members who do not have an active history by using the user profile information and user cluster information. The user 's "major" field in the user profile information was considered the most important factor, followed by the "keyword" and "information of interest".
If you go to the main page after initial login, you can see the applied page immediately. In the main page, we tried to figure out how much each user utilizes the recommended services and contents over the course of about one year. Satisfaction with personalized services was also measured by conducting individual satisfaction surveys on the recommended services.
PRS Item Introduction
We configured the main page as shown in Figure 1 . Content recommended for users in each service is considered together with user profile information and activity history. We present the recent contents related to the services that the user has employed, and recommend those contents to the members who do not have an active history by using the user profile information and user cluster information. The user 's "major" field in the user profile information was considered the most important factor, followed by the "keyword" and "information of interest".
We configured the main page as shown in Figure 1 . 1. Widget Service: A total of 14 service menus including messages, document folder, "My articles", and "My café". The information pertaining to each service is provided at the time of login, and the user is notified of new articles and related information at the time of posting.
2. Recommendation List Service: Provided after personalization is applied and after logging in. Information from nine menus (laboratory information, academy information, business announcements, KOSEN reports, trend reports, knowledge and sentiments forum, What is?, career opportunities, analysis requests) is provided based on the most frequently accessed services in the user group to which the user belongs.
3. Scheduler: Associates users with similar characteristics to derive preferred services of user groups to announce academy information, business announcements, career opportunities, and KOSEN timetables and events.
4. Card Service: Provided after personalization is applied and after logging in. Information from 11 menus (global news, knowledge curator, videos, overseas business trip support, overseas enterprises, KOSEN webzine, current affairs and discussions, infographics, Korean community events, activities, press releases), selected based on the services accessed most frequently in the user group to which the user belongs, are provided in card format.
5. Image Service: This service constitutes 17 service menus that the administrator recommends in order to encourage users to utilize the services. The services recommended to login and non-login members are differentiated by the administrator settings.
6. Personalization Service Settings: User login activates the function to add a service in which the user is interested to the PRS tab. Users can add or change services in which they are interested by adjusting the settings.
Research and Analysis of User's Information Usage Behavior
Design of the Research Instrument
Based on the attached survey (Appendix A-survey), we conclude that: As shown in Table 1 , the survey questions-which were designed to assess the information usage behavior of KOSEN users-consist of 20 questions in the three areas of (1) user characteristics, (2) PRS quality, and (3) PRS importance. The first dimension consists of 10 questions under two categories designed to assess users' traits and PRS usage behavior. The second area comprises nine questions under three categories designed to assess the system (homepage), content, and service support. Third, PRS importance consists of one question designed to understand the elements of the PRS that the user deems to be important. The questionnaire for evaluating PRS quality and PRS Importance used a five-point assessment system. 
Research Subjects and Methodology
KOSEN users were selected as the research subjects. Although some KOSEN users do not use the PRS, the reasons for non-use are accounted for in Chapter 4, which discusses methods for improving the service.
To investigate the information usage behavior of KOSEN's PRS, the authors sent online surveys to KOSEN users who consented to receiving e-mail communication. The authors gathered data for two weeks from March 6 to March 14, 2018 utilizing Google Docs. A total of 513 users responded; the authors analyzed the data from the 321 users who do not use the service as well as the 192 users who do.
The authors employed SPSS 23.0 to analyze the data. The steps of analysis were as follows: (1) The authors performed factor analysis and reliability tests on the survey questions, which served as the instrument of measurement. Secondly, the authors analyzed user behavior, overall satisfaction rate, the basic statistical data from the assessment of the quality of service, and basic statistical data on importance. Thirdly, the authors conducted a t-test and ANOVA to examine the overall satisfaction rate per different categories such as gender, education level, and major field of study.
Lastly, the authors conducted correlation analysis to investigate the correlation between system, content, service support, and overall satisfaction rate. They also performed multicenter retrospective analysis to explore the degree of influence.
Factorial and Reliability Analysis of the Measurement Instrument
In order to assess the reliability of the collected data, the authors used Cronbach's alpha coefficient to analyze the internal consistency reliability of the survey questions. Table 2 shows the results of the reliability assessment. Using the factor analysis, the authors grouped the three system components, the three content components, and the two service support components in order to simplify the variables. They conducted factor rotation using Verimax rotation (which is an orthogonal rotation), as well as the Kaiser-Meyer-Olkin (KMO) test and Bartlett's test of sphericity. A KMO of 0.7 showed that the outcome was adequate. Since the KMO value was 0.839, the authors deemed the research request to be adequate. Next, in the test to verify whether Bartlett's factor analysis would be sufficient, the value obtained was significantly smaller than 0.95, which indicates that the use of factorial analysis was appropriate. The results of the factor analysis showed that there were two service support components: user support and interactivity.
Cronbach's alpha tests reliability by testing the probability of obtaining the same value when the measurement is conducted again for the same concept. In academic papers, a value greater than 0.6 conventionally guarantees reliability. Thus, the internal consistency reliability has been guaranteed. In terms of the system components, ease of use has a reliability value of 0.750, demonstrating a normal level of reliability. Design has a reliability value of 0.863, indicating a high level of reliability. Lastly, accessibility has a reliability value of 0.765, which signals a normal level of reliability. In terms of the content components, sufficiency has a reliability value of 0.794, revealing a normal level of reliability. Adequacy has a reliability value of 0.744, which reflects a normal level of reliability. Lastly, utility has a reliability value of 1.000, displaying a very high level of reliability. Third, for service support components, user support has a reliability value of 0.861, indicating a high level of reliability. Lastly, interactivity has a reliability value of 0.810, which suggests a high level of reliability.
Furthermore, the authors conducted descriptive statistical analysis to obtain the descriptive statistical values of the variables.
As Table 3 shows ease of use has an average of 3.72 and a standard deviation (SD) of 0.786. Design has an average of 3.58 and an SD of 0.828. Accessibility has an average of 3.54 and an SD of 0.734. Sufficiency has an average of 3.71 and an SD of 0.768. Adequacy has an average of 3.85 and an SD of 0.739. Utility has an average of 3.51 and an SD of 1.008. User support has an average of 3.41 and an SD of 0.818. Interactivity has an average of 3.60 and an SD of 0.766. Importance has an average of 3.92 and an SD of 0.712. 
Basic Statistical Analysis
The authors employed basic statistical analysis to investigate the characteristics of the surveyees, their usage behavior of the PRS, and reason(s) for non-use in order to understand the overall usage trends of the service users. The investigation of the characteristics included demographic components such as age, gender, education level, major field of study, and occupation. The outcomes are shown in Table 4 . According to Table 4 , in terms of age, 7.3% of (or 14) users were in their 20s, 31.3% (60) were in their 30s, 36.5% (70) were in their 40s, and 17.7% (14) were in their 60s. In terms of gender, 87.5% were male (168) and 12.5% were female (24) . Regarding education level, undergraduates comprised 18.2% (35) , while graduates made up 27.6% (53) and doctors 54.2% (104). In terms of major field of study, 2.6% of (or 5) users majored in construction/transportation; 5.2% (10) in science and technology and humanities and the social sciences; 7.8% (15) in mechanical engineering; 2.1% (4) in food, agriculture, forestry and fisheries sciences; 0.0% (0) in brain science; 2.1% (4) in physics; 8.3% (16) in healthcare; 22.4% (43) in life science; 0.5% (1) in mathematics; 2.1% (4) in energy and resources; 0.0% (0) in atomic energy; 1.6% (3) in cognitive-emotional science; 9.4% (18) in materials engineering; 6.3% (12) in electrical and electronic engineering; 7.8% (15) in information and communication; 0.5% (1) in earth science; and 6.8% (13) in chemical engineering. In terms of occupation, 41.7% of (or 80) users were researchers; 8.3% (16) were students; 9.9% (19) were professors; 30.7% (59) were company employees; while 9.4% (18) marked other.
The results of demographic characteristics such as age, sex, final education, major, and occupation are summarized as follows: The majority of the survey participants were in their 30s and 40s, and the sex was overwhelmingly male. In addition, most of the participants' highest degree earned was a master or doctorate degree. Most also majored in life sciences, but were distributed evenly, and more than 70% of the participants' professions were as researchers and office workers.
Analysis of PRS Usage Behavior According to Demographic Characteristics
The authors studied the following aspects of the surveyees' PRS usage behavior: use or non-use of the service, reason(s) for non-use, primary purpose of using the service, number of visits, and service use time. The results are shown in Table 5 . As for the question on whether the user is accessing KOSEN's PRS, 192 users answered "Yes" (37.4%) and 321 users said "No" (62.6%).
Regarding reason(s) for non-use, 80.6% (258) users said that they "Do not know how to use it", 2.5% (8) marked "Difficult to use", 10.9% (35) stated "Unnecessary", 1.6% (5) claimed the "Recommendation results are not adequate", and 4.4% (14) chose "Other". The fact that the predominant reason for non-use is "Do not know how to use it" suggests that company management needs to make stronger efforts to promote user education.
Regarding the primary purpose of using the service, 51.0% of (or 98) users answered "Information accessibility"; 24.0% (46) chose "Adequate information"; 9.4% (18) stated "Useful information"; 14.6% (28) selected "Variety of information provided"; and 1.0% (2) chose "Other".
In terms of the number of visits, 64.1% (123) answered "1-7 times a week"; 26.0% (50) chose "1-7 times a month"; and 9.9% (19) selected "1-10 times a year". For service use time, 82.3% (158) marked "Less than 1 h"; 16.1% (31) stated "1-2 h"; and 1.6% (3) chose "3 h or more". The primary purpose of using the service was information accessibility, which enables users to access the information they desire rapidly. The second most chosen reason was to obtain relevant knowledge.
The authors conducted a cross-examination (chi-square) test to examine the variance in service usage behavior according to demographic characteristics. They investigated the differences in the primary purpose of using the service, the number of visits, and service use time.
First, regarding whether the purpose of using the service varies according to demographic traits, gender and major field of study showed a statistically significant difference. Looking at gender, 54.2% of males (91) selected "Information accessibility"; 20.2% (34) chose "Adequate information"; 9.5% (16) marked "Useful information"; 15.5% (26) answered "Variety of information provided"; and 0.6% (1) stated "Other". As for females, 29.2% (7) chose "Information accessibility"; 50.0% (12) selected "Adequate information"; 8.3% (2) chose "Useful information"; 8.3% (2) answered "Variety of information provided"; and 4.2% (1) marked "Other". Looking at the verification statistics, x2 is 11.700 and the probability of significance was 0.020, which indicates a statistically significant difference. Regarding field of study, by examining the verification statistics, x2 is 86.887 and the probability of significance was 0.030, which demonstrates a statistically significant difference. Age, education level, and occupation did not show statistically significant differences.
Second, as for whether the number of visits varied according to demographic features, education level showed a statistically significant difference. Among users with Bachelor's degrees, 48.6% (17) marked "1-7 times a week"; 40.0% (14) chose "1-7 times a month"; and 11.4% (4) selected "1-10 times a year". Among users with Master's degrees, 54.7% (29) marked "1-7 times a week"; 24.5% (13) stated "1-7 times a month"; and 20.8% (11) chose "1-10 times a year". Among doctors, 74.0% (77) selected "1-7 times a week"; 22.1% (23) chose "1-7 times a month"; and 3.8% (4) answered "1-10 times a year". Looking at the verification statistics, x2 is 17.175 and the probability of significance was 0.002, which suggests a statistically significant difference. Age, gender, major field of study, and occupation did not show statistically significant differences.
Third, regarding whether service use time varied according to demographic elements, gender, age, education level, major field of study, and occupation all showed no statistically significant differences.
Demographic Analysis of the Satisfaction Rate for System, Content, and Service Support
The three areas of PRS quality can be divided into system, content, and service support. Service can be classified under ease of use, design, and accessibility. Content can be categorized as sufficiency, adequacy, and utility. Service support can be broken down into user support and interactivity. Table 6 shows the variance in the overall satisfaction rate for the areas of quality according to gender. The authors used a t-test to compare the genders, with the results showing that variance in the overall satisfaction rate according to gender was marginal and therefore statistically insignificant. As with gender, the variance in the overall satisfaction rate according to age, education level, and occupation were also marginal and thus statistically insignificant. However, the ANOVA used to measure variance according to occupation produced a statistically significant variance, as shown in Table 7 .
1. Regarding ease of use, the average for researchers (a) was 3.59; for students (b), 3.38; for professors (c), 3.79; for company employees (d), 3.97; and for others (e), 3.78. The verification statistics show the F value to be 2.966 and the significance probability to be 0.021. Hence, there is a statistically significant variance in terms of ease of use.
2. Regarding design, the average for researchers (a) was 3.41; for students (b), 3.16; for professors (c), 3.82; for company employees (d), 3.79; and for others (e), 3.75. The verification statistics show the F value to be 3.557 and the significance probability to be 0.008. Therefore, there is a statistically significant variance in terms of design.
3. Regarding accessibility, the average for researchers (a) was 3.44; for students (b), 3.06; for professors (c), 3.58; for company employees (d), 3.81; and for others (e), 3.53. The verification statistics show the F value to be 4.245 and the significance probability to be 0.003. Therefore, there is a statistically significant variance in terms of accessibility.
4. Regarding sufficiency, the average for researchers (a) was 3.50; for students (b); 3.41, for professors (c), 3.71; for company employees (d), 4.02; and for others (e), 3.86. The verification statistics show the F value to be and the significance probability to be 0.001. Therefore, there is a statistically significant variance in terms of sufficiency. 5. Regarding adequacy, the average for researchers (a) was 3.71; for students (b), 3.53; for professors (c), 3.87; for company employees (d), 4.08; and for others (e), 3.94. The verification statistics show the F value to be 3.209 and the significance probability to be 0.014. Hence, there is a statistically significant variance in terms of adequacy.
6. Regarding utility, the average for researchers (a) was 3.35; for students (b), 3.50; for professors (c), 3.21; for company employees (d), 3.76; and for others (e), 3.67. The verification statistics show the F value to be 2.000 and the significance probability to be 0.096. Therefore, there is a statistically significant variance in terms of utility.
7. Regarding user support, the average for researchers (a) was 3.23; for students (b), 3.28; for professors (c), 3.55; for company employees (d), 3.64; and for others (e), 3.44. The verification statistics show the F value to be 2.473 and the significance probability to be 0.046. Thus, there is a statistically significant variance in terms of user support.
8. Regarding interactivity, the average for researchers (a) was 3.44; for students (b), 3.47; for professors (c), 3.63; for company employees (d), 3.83; and for others (e), 3.61. The verification statistics show the F value to be 2.434 and the significance probability to be 0.049. Hence, there is a statistically significant variance in terms of interactivity.
Analysis of the Importance in Determining Factors in the Three Quality Areas of the PRS and the Interactivity of its Components
The authors conducted multiple regression analysis to determine the effect of system, one of the three quality areas, on the importance of the recommendation service. Table 8 shows the results. Model F has a value of 28.725 and can be considered a statistically significant regression model. The R-squared of the regression analysis is the equivalent of the coefficient of determination, and signifies the proportion of variance in the dependent variable, which can be explained by the variable element. The R-squared, at 31.4%, indicates a high degree of explanation. The variance inflation factor (VIF) value can range from 1 to infinity, and the values between 1 and 10 indicate no problem of multi-collinearity. Since the VIF is below 10, there is no problem of multi-collinearity. Since the outcome of the Durbin-Watson statistic is close to 2, there is no autocorrelation, and the residuals are independent of each other. Therefore, there is no problem with the variables. The standard significance level is 0.05 (95%). Results lower than 0.05 are statistically significant, while those higher than 0.05 are not.
Looking at ease of use in the regression analysis, the B value is 0.322. In terms of verification statistics, the t value is 4.249, and the probability of significance is 0.000, indicating a statistically significant amount of effect. Since the value of the standardized beta is 0.356, increasing 1 unit of ease of use expands the importance by 0.356 (35.6%). In terms of design, the B value is 0.247. Regarding verification statistics, the t value is 3.341 and the probability of significance is 0.001, demonstrating a statistically significant amount of effect. As the value of the standardized beta is 0.288, increasing 1 unit of ease of use augments importance by 0.288 (28.8%). Looking at accessibility, the B value is −0.036. For verification statistics, the t value is −0.451 and the probability of significance is 0.653, suggesting no statistically significant amount of effect.
Next, the authors conducted multiple regression analysis to determine the effect of recommended content on the importance of the recommendation service. Table 9 displays the outcomes.
Model F has a value of 23.886 and can be considered a statistically significant regression model. The R-squared of regression analysis is the equivalent of the coefficient of determination and signifies the proportion of the variance in the dependent variable, which can be explained by the variable element. The R-squared, at 27.6%, indicates a high degree of explanation. The VIF value can range from 1 to infinity, and the values between 1 and 10 indicate no problem of multi-collinearity. As the VIF is below 10, there is no problem of multi-collinearity. Since the result of Durbin-Watson is close to 2, there is no autocorrelation, and the residuals are independent of each other. Hence, there is no problem with the variables. The standard significance level is 0.05 (95%). Results higher than 0.05 are not statistically significant, while those lower than 0.05 are. Looking at sufficiency in the regression analysis, the B value is 0.137. In terms of verification statistics, the t value is 1.714 and the probability of significance is 0.088, indicating no statistically significant amount of effect. Looking at adequacy, the B value is 0.357. In terms of verification statistics, the t value is 4.257 and the probability of significance is 0.000, suggesting a statistically significant amount of effect. Since the value of the standardized beta is 0.371, increasing 1 unit of ease of use boosts importance by 0.371 (37.1%). Looking at utility, the B value is 0.053. In terms of verification statistics, the t value is 1.037 and the probability of significance is 0.302, signaling no statistically significant amount of effect.
Lastly, the authors conducted multiple regression analysis to determine the effect of service support on the importance of the recommendation service. Table 10 shows the outcomes. Model F has a value of 27.809 and can be considered a statistically significant regression model. The R-squared of regression analysis is the equivalent of the coefficient of determination, and signifies the proportion of variance in the dependent variable, which can be explained by the variable element. The R-squared, at 22.7%, signals a high degree of explanation. The VIF value can range from 1 to infinity, and values between 1 and 10 indicate no problem of multi-collinearity. Since the VIF is below 10, there is no problem of multi-collinearity. Given that the outcome of the Durbin-Watson statistic is close to 2, there is no autocorrelation, and the residuals are independent of each other. Hence, there is no issue with the variables. The standard significance level is 0.05 (95%). Results lower than 0.05 are statistically significant, while those higher than 0.05 are not.
In terms of user support in the regression analysis, the B value is 0.197. Regarding verification statistics, the t value is 2.184 and the probability of significance is 0.030, suggesting a statistically significant amount of effect. Since the value of the standardized beta is 0.227, increasing 1 unit of ease of use extends importance by 0.227 (22.7%). Looking at interactivity, the B value is 0.258. For verification statistics, the t value is 2.672 and the probability of significance is 0.008, implying a statistically significant amount of effect. Since the value of the standardized beta is 0.227, increasing 1 unit of ease of use expands importance by 0.227 (22.7%).
Pearson's Correlation Analysis for Examining the Correlation among the PRS Components
In order to examine whether there is a significant correlation among the components of the service's three areas of quality, the authors employed a Pearson correlation analysis, as shown in Table 11 . 
Implications
The authors conducted a user survey on KOSEN's PRS to examine the information usage behavior of Korean scientists and engineers who access the PRS. In order to investigate the usage status of the service, the authors analyzed usage behavior by employing statistically significant data. They also explored the importance of the components of service quality, as well as the correlations among them.
The analysis yielded the following outcomes in regard to the three research questions. The results enabled the understanding of the information usage behavior of Korean scientists and engineers in relation to the PRS, as well as the effects of the three areas of quality (system, content, and service support) on the perceived importance of the service. A method for improving the system will be proposed in the following chapter.
First, regarding the answer to whether PRS usage behavior varies based on users' demographic traits, in terms of gender, the primary purpose of using the service for males was information accessibility, whereas for females, it was the adequacy of the suggested information. The differences according to gender as well as major field of study were statistically significant. There was no statistically significant difference based on age, education level, or occupation.
Secondly, the answer to whether the satisfaction rate of the service's three areas of quality (system, contents, and service support) shows variance according to users' demographic attributes was that the variance in the overall satisfaction rate according to gender was marginal. As with gender, the variance in the overall satisfaction rate based on age, education level, and occupation was also marginal and therefore statistically insignificant. However, the ANOVA used to measure the variance according to occupation revealed a statistically significant variance in seven out of eight components (ease of use, design, accessibility, sufficiency, adequacy, user support, and interactivity) of the three areas of quality, excluding utility. Regarding the number of visits, there was only a statistically significant difference in terms of education level. For the difference in the service use time according to demographic traits, neither age, gender, education level, major field of study, or occupation showed a statistically significant difference in information usage behavior.
Third, the answer to what some of users' key concerns are, and if there is a significant correlation among the three areas of quality that pertain to them, was as follows:
The authors conducted multiple regression analysis in order to determine the effect of system (one of the three areas of quality) on the importance of the recommendation service. Looking at ease of use, the B value is 0.322 and the probability of significance is 0.000, indicating a statistically significant amount of effect. For design, the B value is 0.247 and the probability of significance is 0.001, suggesting a statistically significant amount of effect. However, in terms of accessibility, the B value is −0.326 and the probability of significance is 0.653, demonstrating no statistically significant amount of effect.
In the analysis of the effect of system on the importance of the recommendation service, sufficiency has a B value of 0.137 and a probability of significance of 0.088, implying no statistically significant amount of effect. Looking at adequacy, the B value is 0.357 and the probability of significance is 0.000, pointing to a statistically significant amount of effect. For utility, the B value is 0.053 and the probability of significance is 0.302, reflecting no statistically significant amount of effect.
Lastly, in the analysis of the effect of service support on the importance of the recommendation service, user support has a B value of 0.197 and a probability of significance of 0.030, signaling a statistically significant amount of effect. Interactivity has a B value of 0.258 and a probability of significance of 0.008, revealing a statistically significant amount of effect.
To summarize the outcomes, of the eight components of the three areas of quality, ease of use, design, adequacy, user support, and interactivity had a statistically significant amount of effect on the importance of the PRS. This means that users of the recommendation service valued ease of use and efficient design (the system components), as well as adequacy of information (the content component). Users considered user support and interactivity (the service components) to be as important as the recommendation service itself.
The answer as to whether there was a significant correlation among the components of the three areas of quality was that all eight components reveal importance and a statistically significant degree of correlation. For system quality, ease of use and importance had a correlation coefficient of 0.520, design and importance had a correlation coefficient of 0.495, and accessibility and importance had a correlation coefficient of 0.356, all demonstrating a statistically significant correlation. For content quality, sufficiency and importance had a correlation coefficient of 0.434, adequacy and importance had a correlation coefficient of 0.507, and utility and importance had a correlation coefficient of 0.321, all suggesting a statistically significant correlation. For service support quality, user support and importance had a correlation coefficient of 0.445, while interactivity and importance had a correlation coefficient of 0.456.
Moreover, a significant correlation with a correlation coefficient of 0.6 and above was present between ease of use and design, ease of use and sufficiency, ease of use and adequacy, design and accessibility, design and sufficiency, design and adequacy, design and interactivity, sufficiency and adequacy, sufficiency and interactivity, adequacy and user support, and user support and interactivity.
Conclusions
The authors derived the following conclusions based on an examination of pre-existing studies and the analysis of the user survey.
1. The predominant reason for non-use of the PRS was that users did not know how to use it; 80.6% of surveyees marked this reason for their non-use.
2. In terms of the difference in the information usage behavior of PRS users according to demographic characteristics, gender and major field of study revealed a statistically significant difference in the purpose of using the service, and education level presented a statistically significant difference in the number of visits. No other significant differences were observed.
3. In the three areas of quality (system, content, and service support), the variance in the satisfaction rate for each according to demographic traits (gender, age, education level, and major field of study) was marginal. However, regarding the service satisfaction rate per occupation, there was a statistically significant variance in seven out of the eight components of the three areas of quality (ease of use, design, accessibility, sufficiency, adequacy, user support, and interactivity), excluding utility. 4 . Of the eight components, five (ease of use, design, adequacy, user support, and interactivity) demonstrated a statistically significant amount of effect on the importance of the PRS, meaning that they are the components users were most concerned with.
5. Regarding the components that users deemed important in the PRS, five out of the eight (ease of use, design, adequacy, user support, and interactivity) had a statistically significant effect on determining the importance of the service.
Proposals to Improve the PRS
Based on the above conclusion, the authors propose the following to enhance the efficiency of the service and promote its use.
1. The fact that the main reason for non-use was users lacking the necessary knowledge suggests a need for more active and in-depth user education and promotion. In terms of user education, the advantages of using the service should be highlighted, and the method of using the service should be taught in detail. The promotion of the service should not be limited to public announcements on the webpage, but rather, awareness should be increased using various webzines and other media.
2. The usage behavior of PRS users was not significantly affected by their demographic features. However, some of the usage behaviors that did show statistically significant differences-such as that the primary purpose of using the service was information accessibility for males and information adequacy for females-could be used for the promotion and user education of the PRS.
3. In order to respond to information requests from users of various occupations (whose satisfaction rates with each of the three areas of quality were investigated), the recommendation service for detailed components must be improved.
4. The fact that users were concerned with the ease of use, design, adequacy, user support, and interactivity of the PRS suggests that improvement efforts should focus on ease of use and efficient design (the system components), adequacy of information (the content component), and user support and interactivity (the service components), which the users considered to be as important as the recommendation service itself.
Limitations of the Ppresent Study and Future Research
The present study offers an analysis of a user survey on KOSEN's PRS and the results cannot be generalized. Future research must broaden the scope of analysis to include multiple PRSs. (1) 1 to 7 times a week (2) Less than 1-7 times a month (3) Less than 1-10 times a year 5. How much time do you spend on average on PRS? (1 time)
(1) Less than 1 h (2) 1-2 h (3) More than 3 h II. Here are questions about using PRS. Please respond based on your experience in the last 6 months. Staff is available to provide professional support for referral services. 9. Please describe any inconveniences or improvements you experienced when using PRS.
III. Questions about the importance of PRS by variable.
10. Please mark any items that you think are important for PRS. 
